Written, oral, and practical flight tests, along with challenging flying tasks, place pilot trainees in stressful situations. The initial goals of this research were to determine assessment tools for identifying pilot trainees who might perform poorly in stressful flight testing environments, and measure the efficacy of a test anxiety (TA) workshop on anxiety levels and Federal Aviation Administration (FAA) knowledge assessments of pilot trainees. The researchers determined that: Scholastic Achievement Test (SAT) scores marginally predict facilitating anxiety levels, and FAA knowledge tests, taken in authentic testing environments, correlate significantly with debilitating anxiety, facilitating anxiety, and FAA exam scores. The researchers recommend continuing longitudinal assessment of freshman flight students that potentially links anxiety and performance on low-risk assessments with these measures on higher-risk practical flight tests. Further study is needed to determine if a more intense anxiety treatment can lower debilitating anxiety, raise facilitating anxiety, or improve performance on FAA exams.
INTRODUCTION
To ensure satisfactory pilot performance and safe flight operations, flight training involves continuous evaluation of aeronautical knowledge and piloting skills. At the researchers' institution, for example, the Department of Aviation provides a stringent curriculum which includes approved ground and flight training conducted under Title 14 Code of Federal Regulations Part 141. The Department's Federal Aviation Administration (FAA) approved curriculum requirements dictate a minimum passing score of 80% on ground school stage and end-of-course examinations. Failure to meet these requirements or failure to satisfactorily complete flight training lessons and check rides within the approved time-frame constitute grounds for termination from the flight training program.
Consequences for poor performance on flight evaluations can also be severe. Pilot trainees who perform poorly incur the expense of additional training and check rides and risk termination from the flight training program. Clearly, failed check rides threaten aviation careers, especially in light of new legislation. The Airline Safety and Pilot Training Improvement Act of 2009 (H.R. 3371, 111th Cong., 2009 ) amended the Pilot Records Improvement Act of 1996 Act of (1997 to require the FAA to maintain records of all failed attempts by a pilot regarding practical flight tests for obtaining a certificate or type rating (Section 6 (b) (2) (i) (2) (A) [ii] ). H.R. 3371 states that air carriers must access and evaluate information from pilot records regarding practical flight test failures before allowing pilots to begin service with the carrier (Section 6 (b) (2) (i) [1] ), and that they may use such records to assess the qualifications of the individual in deciding whether or not to hire the individual as a pilot (Section 6 (b) (2) (i) (9) [A] ). In preparation for a career as an air carrier pilot, Section 11 (c) (2) of H.R. 3371 will require "sufficient flight hours… in difficult operational conditions that may be encountered by an air carrier to enable a pilot to operate safely in such conditions". Ultimately, then, the pressure to perform well during flight training presents pilot trainees with the challenge of learning efficiently while overcoming barriers to that learning.
One such barrier faced by pilot trainees is test anxiety (TA). In a previous, more comprehensive literature review, Sloan and Wilson (2009) cited foundational studies in test anxiety. In part, they found that TA can be defined as "an unpleasant feeling or emotional state that has both physiological and behavioral concomitants and that is experienced in formal testing or other evaluative situations" (Dusek, 1980, p. 88) . Sarason, Mandler, and Craighill (1952) hypothesized:
When a stimulus situation contains elements which specifically arouse test or achievement anxiety, this increase in anxiety drive will lead to poorer performance in individuals who have test-irrelevant [incompatible or interfering] anxiety responses in their response repertory. For individuals without such response tendencies, these stimulus elements will raise their general drive level and result in improved performance (p. 561).
Formalizing the dual nature of TA suggested above, Alpert and Haber (1960) divided TA into two types: debilitating TA (DTA) which reduces performance, and facilitating TA (FTA) which improves performance. They devised the Achievement Anxiety Test (AAT) to measure an individual's predilection for either or both FTA and DTA. They concluded, "…that the incorporation of items designed to measure facilitating anxiety into a scale which already effectively measures debilitating anxiety can significantly increase the prediction of academic performance scores" (p. 215). The AAT has withstood the test of time. Wright State University and the University of Adelaide provide the AAT on their counseling websites. More recent research also incorporates the use of the AAT (Brewer, 2002; Haynes, 2003; Erickson, Horan, & Hackett, 1991; Fischer & Corcoran, 2007; Moyer, 2008; Robinson, 2008; Roney & Woods, 2003) .
In their 2009 literature review, Sloan and Wilson concluded that "students who suffer from debilitating TA often match the performance of their peers in non-testing situations" (p. 12). They also stated that DTA can be self-perpetuating: when students do poorly on one test, they can develop a reduced feeling of self-efficacy which can negatively impact performance on future tests.
Observations by faculty from the host institution, in concert with testimonies of test-anxious pilot trainees, affirm the negative impact of debilitating test anxiety on assessments. Additionally, the faculty noted that debilitating test anxiety manifests itself in physiological and emotional symptoms, such as excessive nervousness or expressions of frustration and inadequacy.
Retaining qualified students in flight programs is desirable. In an introduction to Sloan and Wilson's 2009 literature review, Kohlruss (2009) 
suggests:
If we can assist our students in succeeding with their FAA check rides we can help them stay in our programs. This of course will motivate them to stay in our industry and not stray off to other disciplines other than aviation. Our industry needs the best and the brightest. We cannot afford to lose them due to stress interfering with their successful performance on a check ride (p. 7).
Consequently, strategies that help pilot trainees cope with anxiety should also help them perform better during program assessments. Better test performance and anxiety coping skills should lead to increased retention in aviation programs and build stronger candidates who continue to withstand the rigors of HR3371 well into their careers.
Regarding training designed to reduce DTA, Sloan and Wilson (2009) also concluded "the progression of TA research shows that no single treatment method was superior, and a combination approach of cognitive, behavioral, and study skills treatments had the greatest effectiveness" (p. 12). They proposed that, "a single day workshop appeared to be as effective as sessions conducted over a longer period and is more apt to attract both participants and facilitators" (p. 12).
The purpose of this present study is: (a) to determine if the AAT, when adjusted with total Scholastic Assessment Test (SAT) scores (a long standing predictor of success in college [The College Board, n.d.]), is an accurate predictor of performance; and (b) to see if a TA workshop reduces DTA, increases FTA, or increases performance on aviation knowledge assessments.
METHOD Participants
Out of 103 pilot trainees enrolled in a flight technology major at the host institution and actively pursuing flight training (91 men and 12 women, mean age = 20.95 years), 33 volunteered to participate in the study (27 men and 6 women). Volunteers' academic and flight experience ranged from freshmen to senior class standing and from student pilot to commercial pilot. Volunteers were assessed for DTA using the AAT. Positive DTA scores were identified as ranging from 21 through 36 (-1/+1.5 sd from the mean of 26.6), and only those who tested positive (n = 26; 22 men and 4 women) were selected as participants. Six volunteers were identified as not being test anxious due to their scores, and one volunteer who scored high on the TA scale (38) was eliminated due to suspicion of faulty testing. Participants were assigned to one of four levels (private, instrument, commercial, or certified flight instructor [CFI] according to their last ground school enrollment). Each level was then randomly assigned to the treatment group (total n = 13; private n = 3, commercial n = 5; instrument n = 3; CFI n = 2) and control group (total n = 13; private n = 3; commercial n = 4; instrument n = 4; CFI n = 2).
Procedure
Following the selection of participants, both the control and treatment groups were administered the AAT and an FAA knowledge pre-test. One week later the treatment group participated in a three-hour TA workshop conducted by an experienced counseling psychologist employed by the University's Health and Counseling Center and trained in TA reduction techniques. The following week, participants from both groups retook the AAT and completed a second appropriate FAA knowledge post-test.
The key elements of the performance anxiety workshop included psychoeducation and experiential exercises. The psychoeducational element included discussing the nature and function of anxiety, how anxious thoughts are related to anxious feelings, how anxiety undermines attention and performance, and the futility of struggling to make anxiety go away. The experiential exercises included a self-assessment of anxious experiences, metaphors emphasizing the idea that the more an individual struggles with anxiety the more present it is, and a mindfulness exercise. The workshop concluded with the recommendation that the participants practice self-observation and mindful acceptance in situations that provoke anxious experiences other than test situations. The last recommendation was made in order to enhance self-regulation.
Instruments
In addition to the AAT, the researchers employed other measures of college readiness and aviation knowledge in their analysis. These measures included FAA aeronautical knowledge test (AKT) scores from the most recent FAA exam taken by the participants, SAT scores, and the host institution's Admissions Index (AI) -a probability of success indicator that takes into account high school grade point average (GPA) and standardized test scores. Notably, AKT scores came from four different tests, depending on participants' level: private pilot, instrument pilot, commercial pilot, or CFI. SAT scores were not available for 5 transfer students.
Additionally, four levels of AKTs, consisting of 15 questions each, were created from the FAA knowledge test-question data base. More specifically, the researchers constructed pre-and post-treatment private, instrument, commercial, and CFI tests for two reasons: to instigate authentic test-taking scenarios, and to measure change in performance levels after treatment. The post-treatment tests consisted of different questions on the same general knowledge areas used on the pre-treatment tests.
RESULTS
The researchers' goals were: (1) to determine assessment tools for identifying pilot trainees who might perform poorly in stressful flight testing environments, and (2) to measure the efficacy of a test anxiety workshop treatment on pilot trainees' anxiety levels and their performance on FAA knowledge assessments. The level of significance for all statistical tests herein was α = .05.
Identifying Pilot Trainees Prone to Poor Flight Testing Performance Due to Anxiety
The researchers took two courses of action toward identifying DTA prone pilot trainees: First, they identified college readiness test data that might correlate with anxiety levels, and second, they issued preand post-debilitating and facilitating anxiety tests, respectively, before and after treatment. To tease out relationships among college readiness measures, anxiety measures, and knowledge measures, the researchers ran a 10 x 10 bivariate correlation matrix (Table 1) The AKT provided an authentic benchmark against which to profile by correlation other knowledge variables (see Table 1 ). The AKT correlated significantly (and with correct valences) with debilitating anxiety measures, FAA knowledge pre-and post-treatment test scores, CF scores, and AI. Evidently, FAA2 was the more realistic testing situation from which to measure anxiety, compared with the FAA1. The FAA2 correlation profile in Table 1 affirms its authentic testing character, comparing favorably with that of the benchmark AKT. In contrast, the FAA1 correlated significantly but highly (p < .001, r = .798) only with the AI variable, the preferred predictor of first-year performance at the host institution. Because AI is a linear combination of SAT and high school GPA measures, the researchers inferred that the GPA component "dropped out" as a predictor of performance for FAA2. Such an assumption suggests that FAA2 experience was beyond the high school core, affirming the FAA2 test-taking scenario to be more anxiety producing and therefore, more authentic. In any case, the above statistical results led researchers to conclude that the FAA2 testing scenario was authentic, while the FAA1 scenario lacked authenticity. 
Measuring the Efficacy of the Anxiety Workshop on Pilot Trainees' Knowledge Assessments
The researchers decided against attempting to capture the effects of the anxiety workshop on knowledge assessments, based on too little data. The number who participated in the TA workshop was low (n = 13). A larger sample may have yielded different results. Moreover, FAA1 and FAA2 scores spanned four different levels, making any conclusions about significant improvements suspect. Initially, FAA1 and FAA2 were thought to capture enough information to reflect the efficacy of the anxiety workshop. However, statistical scans of the data showed little evidence for including pre-treatment or post-treatment knowledge test variables into a main model. Instead the main linear model, discussed below, included only anxiety measures as dependent variables.
Measuring the Efficacy of the Anxiety Workshop on Pilot Trainees' Anxiety Levels
The researchers wished to determine if participants' facilitating or debilitating anxiety levels significantly changed as a result of treatment when their responses to anxiety assessments were factored by pre-or post-levels and treatment or control levels (see Table 2 ). Dependent variables were anxiety measures FTA and DTA and independent variables were FTA Factor, DTA Factor, and Group Factor. FTA factor had pre-and post-levels, respectively: FTA1 and FTA2. DTA had pre-and post-levels, respectively: DTA1 and DTA2. The Independent variable Group had two levels: Treatment and Control. There was a single covariate SAT, chosen because it correlated with the most variables of interest: AI, FAA2, and measures of facilitating anxiety (FTA1 and FTA2). 
Results of LMRMA Omnibus Test
To test for the significance of contributions of variables, the researchers employed a Linear Multivariate Repeated-Measure Analysis (LMRMA). Table 3 shows descriptive statistics for the sample, disaggregated by eight factor levels. The multivariate Wilk's Lambda test indicated significant contributions to the linear model by FTA and interaction variables FTA*SAT and FTA*Group only (see Table 4 ). Notably, the dependent variable DTA made no significant contribution to the LMRMA model (Wilk's Λ = .993, F (1, 18) = .135, and p = .717), nor did interactions of DTA*Group or DTA*SAT. Importantly, the significant interaction FTA*SAT suggested inequitable adjustments to FTA values when comparing the contributions of FTA1 and FTA2. Such adjustments by the covariate at unequal rates to levels FTA1 and FTA2 compromise any conclusions about the change in facilitating anxiety before and after treatment. Finally, the significant interaction of FTA*Group pointed to the need for more analysis. Keeping with best practice, the covariate SAT was removed from the LMRMA model, because the pathological interaction FTA*SAT suggested inequitable adjustments to means. Hence, conclusions about significant differences, suggested in Table 4 lacked validity. Without covariate adjustment, however, all LMRMA significance collapsed upon rerunning the model. The collapse of significance upon removal of the SAT covariate suggested an association between SAT and FTA variables. This evidence, coupled with the positive correlations between SAT and Facilitating Anxiety variables adds credence to a conjecture: SAT scores predict facilitating anxiety. 
DISCUSSION
The shorter periods between pre-tests, treatment, and post-tests may not have provided the time needed to practice the strategies that had been taught in the workshop nor sufficient time for forgetting. The length of the workshop was reduced from one-day to three hours (the research originally was marketed with a one day workshop, but even fewer volunteers [n = 6] agreed to enter the research). Regardless, the researchers believe the duration and intensity of an effective workshop warrants further study. Finally, one researcher suggested that the lack of efficacy of the treatment might be related to three personal factors: (a) appropriate study skills, (b) cognitive ability, and (c) motivation to sacrifice in order to successfully reach goals. Students with high motivation and moderate ability may be successful, whereas students with high motivation but low ability might not be successful despite their efforts. The effect of personal factors on performance and anxiety levels warrants further study. SAT scores were positively associated with FTA test scores, but marginally so. Although SAT scores significantly correlated with FTA, as a covariate in the main linear model of this study, they adjusted FTA1 and FTA2 scores at different rates. Consequently, SAT scores were removed from the main model. When SAT scores were removed as a covariate, the main model of this study no longer showed any significant differences between variables of interest. However, clear evidence exists that SAT scores are related marginally to FTA1 and FTA2 and significantly to FAA2. More research is needed to sort out the complex interaction among college preparation, anxiety and performance measures. Evidence herein begs for such a study, hinting that SAT scores rise and fall with students' facilitating anxiety levels.
Authentic testing situations are important when attempting to discern anxiety levels. Authenticity is in part detected by correlation among the variables of interest. Researchers found that the post-treatment knowledge test (FAA2) significantly correlated with both the pre-and post-facilitating test anxiety (FTA1 and FTA2) scores, both pre-and post-debilitating test anxiety (DTA1 and DTA2) scores, SAT scores, and, most importantly, the FAA aeronautical knowledge test (AKT). By association, then, the researchers deemed the FAA2 testing scenario as authentic. However, the FAA1 test only associated with the AI, lacking associations with other variables that would affirm its authenticity in a testing scenario. The important lesson here is that authentic testing scenarios are necessary to glean information about treatment effects during further studies.
These results suggest that the AAT, combined with the SAT, can be used by collegiate aviation educators to identify flight training students predisposed to high DTA and low FTA. Early identification of vulnerable students through the use of these assessments and effective mitigation strategies designed to help them overcome the deleterious effects of DTA could help pilot trainees achieve their educational and flight training goals. Importantly, AAT screening should be done in the context of authentic testing scenarios to guarantee that anxiety reactions are appropriate to stressors.
RECOMMENDATIONS
The researchers recommend and plan further research to confirm their conclusion that the SAT and AAT are accurate predictors of performance. In order to incorporate more authentic anxiety-producing test methods, they recommend administering the AAT to all incoming freshmen private pilot students during authentic testing scenarios. AATs should be administered before each of three ground training stage checks. The results of these AATs will be compared with pilot trainees' ground and flight stage check scores to determine correlations between test anxiety and performance, both in the classroom and in the cockpit. Testing should be repeated over a two to three year period.
In conclusion, anxiety and flight test performance are inextricably linked. However, that link is complex. Further study should result in more accurate detection and intervention treatments for testanxious pilot trainees. The researchers hope to establish a program of TA detection and intervention, documenting the positive effects of a treatment on classroom, ground, and flight performance.
